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ﬂ‘ntort;gz Administered Antiserum Used in the Beugrsligetiop of Toxin
3 zgrnod 1n the Digestive Tract during !xgortn nta; Toxinfection with

Botulisam Type
By: L.N. SHVYEDOV

N.I, PIROGOV’S ,0dessa 3t§ﬂo Medical Tnatitucte
(Received March 29, 1958,

(Trnnﬂlntod by: Bdwerd Lachowics, Iarylind, Medical-Legal Poun- p~
dation, Imc,, 700 Pleet Street, Baltimore, Maryiand, 21202)

The ressons for conducting this research icrc data accumulate

'bj'ua while etudying the juestion of the toxiafectious nAture ia

27" ’V/'r-

tne pathogenesia of botulisa, We determined thut the purs toxin of;
the .aunmative agents 0of botulism showed a considerudly -milder

;ftoct on the orgeniesm tnan the same dose of the toxin udutnistorod.
togothpr with bactortnL The pure toxin, adainlniorod enterally,
diaapponrod relatively fast from the digestive tract; even larger
doses of the administered toxin could not be detected after 20 to
27‘hour-. Pdllowing a peroral adainistration, the toxin failed %o
.ppoir in the blood after 2 to ) days. In contrast with this, having
administered enterally a culture of the causative azents of botuliem,
we togulnrly detected the toxin in the digestive tract (in the small

intestine, particulsrly in its IO'lr section and, accoriing to the

sequence of elimination, sllo Ln the stomach and in the large in-

testine), 1.e. beginning with the 27th, 16th or 48th hour for 2 weeks




and, sowetimes, even after 20 to 30 days following the inlectionm,

We also detected the toxin in the bdlood of these animals for a long
time afterward, The duration and the severity of the intoxication
ocould dbe explained by additional prodrction of the toxin by specifie
bacteria present in the organisa,

After sxamination of the contents of the digestive 2ract in
animals perorally infected with the culture of cau-.tivo'ngonto of . H

botulism, the results proved that,the primary place where the pro-

duction of the toxin takes place, is the small intdatino.

- Our data accumulated in the course of experiments -ubitantilto
the reported findings relevant to the presence of the toxin in the
blood and in various organs, particularly in the intestines of

cadavers of persons who died of botulisa, often . long time after

|

the ingestion o infected foodstufrs (FRIEDNAN and LORBER, SHAPTRO ' . ‘
ani N1&015NKO). '

The bidliographical data and own observations enabled us to
establish our assusption thst all csses of botulisa i man, even
those with & bdrief incubation period, should be ireated as a toxin-
fection, which, in its basicity, entrains additional intoxication
iu the organisa by the toxin produced in the digestive tract. This
circumstance is important not oaly froa the theoretical stahdpoint.
but much more 80 on socount of 1its practical value, Here, the queitic
arises yhothnr the neutralisation of the toxin,produced in the di.
gostive tract is advisable and feasible by applying a specific anti-

toxin directly to the place of reproduction, in order to increase
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the effectiveness of the serum therapy used in botulism.

. In view of the diacussed considerations, we decided that cur
objeotive will be a study of the effectiveness ér the curremtly
used intrumuscular method of administration of the serum, also &
combination of the 1ntrun¢ucu1nr and ontnrui adainistration of wire
serua.

We performed 7 bdasic oxpcr;nont- oo 57 ratbits, and 2 acditional
tests on 60 white mivce and 20 guinea pigs, In each of tne busic
experiments we included three groupms of animals with 2, ! and 4
rabbits respactively., The animals in the first group were control
animals and they were not subjected to the nnfilorun therapy; thc‘
animals in ths second group received intramuscular injections of
the serum; the animals in the third group received the serum %y
intramuscular and intraduodenal injections,

We developed in sdvance a specisl operative method of sewing
the duodenal intestine to the .ncision in parietes of tho'por;tonnum.
Having made an incieion in the peritoneal wall, we subsejuently

sutured the skin and musclees incompletely accoriing to the size

| of the incision; consequently, a small opening remained in the

wound, where we stitched the surface of the duodensl intestine at
the bottom. Ve adﬁiniltorod antiserum diluted in 20 tec 29 ml of
phyeioloéical eolution of table ealt directly inty the duocdernuc .
with a hypodermic syringe by puncturing the duodenal wall with the
needlie,., No postoperative conplicafionn wers encourtered, ek-epi in

one case, which we shall discuse later, We believed that the endured

=

"

|




operation could have soms effect on tde condition of uninali st
the time of the toxinfection’s reproduction, consequently we per-
forsed simultaneocusly a ocoatrol operation on animals of two groups,
namely an inoision through all layers of the abdominal wall and
then we sutured the wound,

Several days after the descrided operstive preparation, we A
infected the snimals perorally with s whole 9-4sy culture of Cl; "
bo?ulinun type i-98 (the cultivation was performed in MARTIN’S broth

with glucose and liver uunder anaercdic conditions), We administered

the culture in various teeta in doses of 1.5 to 2.5 Dilm.

The experimental results were evaluated by the phagocytic index
method according to the manifested ly‘ptOll.lnd the mortality of
animals, as well as accoriing %o the availadility of the toxin in
the blood and in various sections of the digestive tract, Prior to ‘
this, while studyirng tae pathogenesis of botulisau, we ocbtained
duta, wbich verified the svusitivity of this method as bdeing con-
sideradly ¢greater, than that of the classio biological test, and
also we found soae relevant indications in the literature (KOVTU-
ROVICH, MINERVIK et al., SAVIE, ESSEL).

The basic experiments varied cnly.by the quantities and
frequency of the administered toxin,

The experiments No.l! and 2 wers porfornod on 12 radbbits. They
becume infected with the 1.5 Dlm dose of the culture adzinistered
to each ‘nlinl. Then, they received a single injection »f the serun
14 nours after the ianfection. During the therapy by the intra-

suscular method, we adainistered the serus in volumes of 1,000 BU;
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we inoluded in the cosmbination method ¥3 of the injection volume
by the intrasusculer application and the 2/3 volume by the intra-
duodenal administration. As a result, 2 out of 4 control rabbits
died after intrazuscular treatment, one of thea died 7 days after
the 1ﬁroetion; out of 4 radbbits, which received a treatament by the
coabination method, one animal died 15 days after the infection,
The results of the latter experiment, if only the survival tise of

the animal should be judged, 4id not permit us to draw any con-
clusion as to the greater effectiveness of the comdination method

of the serus sdainistration, than by the intramsuscular rethod, A
comparative study of the dynamios of intoxication 15 an organiss
produced diverse results, Ve o-tablilbf that, 10 hours after intra-
susoular administration of the serum (24 hours after the infection),
the toxin wae dete~ted in the blood of two animsals snd, io the other
two animals, the toxin was not found in the blood, 1.,e. the toxin
wes neutrslised. As a rule, deginning with 48 hours after the in-
fection, we detected, during 7 to 8 days, the presence of the toxin
in tLe blcod of all 4 san.mulew which received intramuscular treataent,
ard we also discovered the toxin in the digestive tract of one dead
rabbit. This could be interpreted that, the recorded by us existence
of the toxin in thp Llood, regardless of the intrumuscular adminis-
tration of a larger serum dose for one ra“-tit (1,060C kU), wae <he
reeult of the admittance of newly supplied quantities ¢f the toxir
to the blood streaxn from the digestive tract, At the ssme tlze,

&
following the treatment with serum by the combination metbiod, the

toxin disappeared from the blood stream in all 4 animale, Morecver,




tho'toxin could not be detected in two other rabddits; we recorded
& trief appearance of the toxin in the blood streanm of one animal
‘on the 10th and 12th day after the infection, And, in the other
rabbit of this group, which died on the 15th day, the toxin appeared
in the blood on the 5th day, and continued to reappesr until death;
we also dstected the toxin in the digestive tract of the same ani- ;
mal.

If we take into socount the fact that, witk the combiration
treataent, the animals received at that time only 330 BU of the

serum, while with the intramuscular trestaent - full 1,000 BU, wa

think the obtained results proved that the intoxication of a lesser

intensity existed in animale treated by the combination method as

8 result of the intraduodensl administration of the serunm, ‘pp‘r‘nt-

ly, the sdditional intoxication of the orginin by the toxin ab- ‘

sorbed from the digestive tract was either discontinued, or reduced,
Yet, the circumstance tha® in this ex;eriment on two rezbdbbits

all symjtoms of the specific toxinfeotion devsloped sudsequently,

induced us to draw a cqqclu-ion that it is necessary to adaminister

a larger dose of serum ln order to increase its therapeutic effect.
The experiment ¥o.) was conducted on 6 rabbits. We infected

the animals with 2 ﬁln of the culture., Two untreated control rabbits

died after 36 houfo following the infection, and the bdotulina! toxin

was detected in their blood and in the digestive tract, Only 3

.rabbit' vcr; exposed to the serum treatment, becsuse one rabbit

died froa OOpticopyclii. -hich dovclopqd a8 a resu.it of the operation

Ve dotoctcd'botulinnl toxin in the blcod and ir tha digestive tract
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of this radbit, and this indicated that the toxinfectious process
had already developed.Out of 3} remaining raddvits, two received

intramuscularly 2,000 BU of tbe serum esch,2¥2 days after the in-
fection. Av a roiult. & complete neutralication of the toxin‘took

place in the bdlood of one anizal, then,in the dlcood of another

rabbit, a neutralization of the toxin was noted over a period of

8 days, and, subsequently, the toxin reappeared in the blood of

the sume rabbit, remaining thers until desth of the arimal on the
12th day. Ve aleo detected the toxin in the digestive tract of the
discussed animal after death. Two and a half days after the infect-
ion, we sdministered intramuscularly 1,000 BU of tﬁe serus to ons
rabbit, which was prepared for the combination method of trontnont;
and we also applied the same quantity of the serum by duodenal in-
‘ Jection., The rabbit was in a very grave condiuoh at tre time of
the injection of serum, and died in 20 hours after the 1bJection.
{et, we falled to detect tlLe tdxin in the biood and in the digestive
tract of this anical; this i{ndicated that the nsutralization of ihe
toxin in the intestine occurred aftsr the administration of serum
(the toxin wae detected in the digestive tract of untrcated.animalaf.
This an;mal'l death can be explained so that, at the time of the
adminietration of serum (2¥2 daye after the infection), the absorbded
toxin has already made an irreversibly fatal effect on the organism,
This experiment is of no value from the standpoint of & comparative
study of the effectivensss of the serum administration cethods, Hoﬁ-

ever, a consideration should be given to the establishec fact tha<

the toxin can be neutraligzed in the digestire tract after intra-
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duodenal adainistration of the serua, ‘ *

'In the course of the next 4 experiments wo'idniniutcrodlsoo BU
of the serua to all rabddits intramuscularly and also 10,000 BU of
iho serum by duodenal application to esch animal, according to the
eﬁnbinntion method. In the intramusculsar and by the coadbimmtion
method of treataent, we administered the serum two times: in one
experiment, after 14 and 36 hours, and in the second experiment,
uitor 36 and 48 hours; then, in the resaining two instances we ad- .

~ministered the serus after 24 and 48 hours,in each case following

the time o: infeotion. Sudbsequently, the aniwals exposeld to the
comdination treatament method received only the intrsduodenal in-
jection and, during this time, we administered in various experi-
ments from 3} to 5 additional intraduodenal injections, with inter-
vale of 1 or 2 d.yo.yln theese axperiments we used infectious doses
equal from 2 to 2.5 Dim of the culture,

Out.ot 1] untreated control rabdbits, 11 died in these experi-
ments in the first 2 or ] days after the 1ntiction. A 1eveloped
toxinfeotion was proven after detection of the toxin in the small
intastine, Out of 13 rabbits which received the ictramurcular treat-
ment, 8 died, After adainistration of the ;crql-tho new’ralizatior
of the toxin in the blood failed csﬂilotoly in 3 rubi.°s and the:
died after 5 to 7 days following the infectiur. !n the remsinins
10 nniillo, we obo-rvod‘gpo noutrp}izutxon of the toxir. in the
blood after intranmuscular adainistration of the aarﬁz. an “nie

usually cocurred after the second iujection. In 8 out 7 £ thene

animals, the toxin in the blood reappeared several “u.- la‘e. am

COEPProer- SR
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5 rabbite died as a result of the developed toxinfection (the tozin
was deteoted in the intestines), but 3 raddbits recovered, We sud-
sequently observed,in two rabbits only, e coaplete neutralization

of the toxin in ths bdlood and the adbeence >5f additionsl intoxi-
cation., Thus, out of 1) rabdbits which rocoivnd the intramuscular
treataent, we found only 2 in which & good therapeutic effect was

manifested, while 1) animals dovolopdd a toxinfection. The addition-

al intoxication of the organism in 11 rubbiti wae of a transitory
type in ) animals only; the latter, subsequently, recoverod, while
8 rabdbbits died as & result of the developed toxinfection. In con-
trast with the above findings, out of 13 rabbits treated by the
combination method, none of the animals died; the rabbite endured
thoir eiocknees better and they recovered sooner than the animals
treated by the intramuscular method. Snrortly after the adminis-
tration of the serum, und during the entire courase of the experi-
pent. no toxin wae founa in their tlood. The toxin in the blood
appeared only in one rabbit; 1ts presence was recorded tetween 6
and 8 days after the infection, which corresponded in tize with
a previous 2-day interval in the intraduodenal administration of'
the serum (5th and 6th day).

Thus, ou. of 19 untreated control animals, 15 died: out of
19 animals which received the intramuscular treatment, 10 4led:
but only 2 enimale died out of 18, which received a combinat-on
serum treatment. During the intramuscular troatmcnt; the prccess
of additional intoxication of the organism by the toxin wi: not

Ve : -~ _
discontinued and the toxin was still produced in the Nze-tive truct,
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The intramuscular adainistration of the serua, when supplezented
with the intraduodenal irjection, proved to be consideradbly more
effective under our experimental conditions than the intrasuscular
treatmsnt alone, Thus, it can be sssumed fhut the serum adminis-
tered by the duodenal methoa neutralizes the toxin produced in the
small intestine.

In the described by us oxporinontA on radbtits, we hardly had
a chancs to observe directly in the small intestine the neutralizatio
of the toxin, becsuse, usually, all enimale survived, In adcitional
experiments on infected white mice snd guinea pigs, we adniniatofed‘
antitoxic serum diluted with a 0,5% solution of soda directly.into.
the stomach by meane of a catheter to demonatrate a possidility of
bringin. the serum to the luwer vection uf the spall intestine in
vrier tu neutralize ‘e bHotulinml toxin that forms there, After
ausinistration of tre serui, e failed %o Jetect the toxin invthe
spul! intestine >7 these anima.n; meanwhile, we ugually detected
the toxin in the small intestine of un;r,.tod control aninmsls,

We obtained data relevant to the da#tination of the santerally
adoinistered serum and they indicated that: after the untitoxic
serum had been admitted to the contente of the smsll intestine in
unimals infected with the botulinal toxin, it disappearel consiler-
ably slower than #hen administered to healthy animals, Apparently,
this circumstance can be explained by a decreased activity of the
digestive enzymes in animaels poisoned with the toxin,

As s result of the research which involved the natur- and dy-

.nanicl of the develojed intoxication, and also pertinently to the

2= 10 --
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plnce‘whuro the basic production of new quantitiess uf the toxin
takes place in the organisaz, we established experizentally the
coabination method (intramusculsr - enteral), which can be used
in the treataent of botullewm with the injected serum, Thie nc.nn.
"in a practical application that, for the treatment of natural

botulism in man, one nocde‘a 50,000,0,0 BY volume o?f the serun

diluteld with bolled water to 3CO or 400 21, which should be ad-
ministered by aeuns of duodenal cathoter. We cun ulao recoamend
the administration of serum directly into the rectum ty the
deep-clysma method, “
The priorit; in suggessing the enteral method »f admin{;- i
tration of serum in cases of botulism belongs to 3.¥. KINERVIN,
‘ who, on the basis of theoretical ;remises, used thia mcthgfl, In
1948 on 5 patf!gtp stricken with botulism and obtained favbrablc
results, v
Inder our observation waa one patient who euffered frun dutu=
lism type B,which run a mild course. Then, having perforzed the
opsonin-phagocytic teet ou the patient, we detected the ‘oxin in
his blood in spite of the 1ntramueculaf1y applied three hypospecific
injectione of serum of 50,000 BU each. Pinally, the toxin disap-
}aarod from the blood after a single duodenal injection of 50,000 BU
of the serunm.
"‘ celieve that, our method of treatment uf ootulism naving
been experimentally tested and producing favorable results iu cases

of botulinal toxinfection we developed artificially (u aniasals, de-

serves a consideration and it should be used in cases »f totilism
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involving human patients,
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